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(KJ) ■ . TECHNICAL REPORT VIII 

. .. ' . MINIPROJECTS 

' • (A Mathematical Probe) 



I. Goals and Purposes of the Mini projects . * 

"An average size tree will produce about 25 kilograms of paper-. \ 
Estimate hov/ many trees must be cut down to produce all the paper used 
by your school in one year." , ^ • . ' 

This is an example of<a miniproject^which is designed to give ele- 
mentary school children experience in working in real -world situations 
which can be understood better with the use of mathematical met>iods and 



reasoning. Tf^ese situations or problems ma^ ag1se from the students.' 
own experiences or surroundings or may c!ome^ f rom some current news iiem, 
or some recent Scientific or social development. ^ ^ . 

To put the minipro^'ects and applied problems into perspective, it 
my be appropriate to discuss the different types of problems to whjch 
ehildren may be -exposed. (1) Textbook exercises ; e.g. -129 These exer- 

" ^ ■■ ^ . . ■ . ^ ■ . / 

cisds appear in textbooks in order to develop skill with algprithms. / 

.' ■ . / 

(2) Textbook word- pro bl-ems ; e.g. Sally has, 7 apples and is given 3 more 

• • . ■ ' ' '/ ' 

How many apples dojjs she then have?' These problems are used to,motivate 

I « ■ ' -■ ■■• ■ ■ , /■ . 

^he b^ic operations by, tying* them to familiar situations. They a^lso 
*tend to^develop skill, with the. basic facts or algorithms. (3) / Muzzle 
problems ; e.g. If 5 people ar? g6ing to shake each other's hands, how 
many handshakes will result? These problems are selected to/emphasize. 

-certain problem-solving processes or strategies^. Tbey have been used 
extensively" in the MPSP modules, pKOblem decks, and GASP problem boards. 
(4 A Applied problems , e.j. • When will the same -calendar as that of 1977, 
agai\ be correct? That:ts,;when will, the days of th^ month next match r 
those of 1977? These prablems relate directly to /real. -wo rid situations 



and are often opeh-ended, leading to' further investigations*. 
(5) Mini projects ; e.g. The paper co)jservation project given above. 
It is the aim of the miniprojects to give children an opportunity to ' 
50 thi^.ough all of the steps involved in mathematical modellingv or in , 
other words, in the 96ientific proce^, i^ .situations in whic|g^atHe« ' ^ 
matics naturaily arises. This means that tMp 'students will see a situ- 
ation' and formulate a problem. They. decide u^on the methodS to us£^ 
to^solve it^ollect the necessary data, do the required calculations', , « 
:and'ffTrially interpret their results. The probljms^^ne en 
throughout life often require these steps for their soliftion, but. thie^ ' 
usual textbook problems do not devettjp the jstudehts'^ ability to handle^ 
such problem situations. The usual textbook problems and exercises - 
generally require the student merely to apply just the method under 
'discussion^and does not train the student to. go through the scientific 
processes, described above. jWheh the student later^ncountersV/prbblem 
situation, he/shevOf ten feels that the school training ii^^hematic^ 
was not adequate. In fshortj, he/she has not learned how to really apply 
mathematics in the kinds bf situations similar processwtpe to those -.^ 
on^Sis 1 ikely .to encounter later in life. 

The paper conservation problem presented a^bove was given to a team 
of sfx^^fifth-grade children at Arlington Elementary School in Bloomingto 
Indiana. They worked tog'e^h^ to^olve the-problem for seven half-hoQr 
sessions. In general, t^he miniprojects are designed to take from>two 
to six hours, extending ov.er several >days -or weeks. The children spent 
the first fevAessions understanding the problem and simplifying it* • 

I ■. . » . ■ ■ ■ 

irito manageable tasks such as first fifWing out how wch paper is uSed 
in^a day or a week. They then generated a li,st of kinds of paper used 
In the school and' the ways in which they are used. Each child seljeAted 




a place to-^o for 'data (classroom, eff ice, kitchen, custodian, etc.) 

.. .:and spent one session getting the desired ififormation. After coll ectinq 
the data, the children returned to calculate the total amount of paper 
used in tfle school, making use of electronic hand calculators; The 
group- then discussed tire impl ic"ations of their results with the teacher. 

^ In the renjdinder of this section, various conjectures will be pre- 
seated whici;) ar^ based partially upon observation of ctfildreTi working 
on the project and partial ly upon the opinions of mathematicians who 

• have pbserved how problem-solving" processes are u; 
situations. mentioned above,' one important purpos^i 
projects is- to give dhildren experience in formuTati 

• problems t^^y must solve from the situatioris^^they 
,:is quite a difi^enent experjence from solving mathematical . prol 

• given to them directly. .They should gain experience .{ways of thinking) 
that cbu1d""later help them see how tg introdiice mathematics into other 
situations which they 'try to Analyze. /' f ' . \ 

The miniprojects, such as the one 'describedyabove, involve the use 
of mathematical co>icepts and-skills that the children have already 
studied. The miniprojects are .not meant to teatVnew-mathemat'ical con- 
tent but to reinforce previously learned skills by having to apply them' 
in different and practical sjjtuations. From our observations of chitl- 
djsen working on a project^, ^e have seen that they sometWs- have data 
^but can not deqide which of the, four basic operations (addition, multi- 
plication.^subtractlon, or divisio/i) must be used to get what they ar* 
looking for. The usual classroom instruction in th^e basic^kills develops 
their technique through.- drill but it does not give them a working knowl-" 
etfge of when a^g^en^eratif)n must be used in a practical situation. 
Th|s practical context 'is^ provided in the'tniniprojects ii/ which the 
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child has certain -data and must decide which maflhematical operation 
' must be used to g$t the information he/she wants Vrom the data.. It can 
be conjectured that if this ability to decide ^'ha^athematical opera- 
tion is^ appropriate, in getting the desired i n f o r ma ti or\ f r om d a t a were 
developed from Ithe^ early grades. on, people would have much pss trouble 
• applying thefr Wthenferti^ the situations they encounter later in 
lifeV ^ ^ / I 

In the paper "cfanservaWon mihiproject, as in many of the others, 
the . data is itot given to Ahe children but must be gathered by,4bem.' 
IMS means that they havb to plan what data t^iey need^^at^or who are 
the^urces of the- data ,'\jid what questions they should ask to get the 
data, ^Our observations 3f children irj^dicate that they often had not , 

had enough experience organizing the information , they generated or 

' ^ \ v 

collectefd to enable them to work efficiently. (Modules have bfeen p^- 
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pare4 in tlje^ MPSP to develop skjlls in organizingf li^^ ^"^^ making 
tables, ^ this deficiency will be partial fy overcome for the^hildren 
who use those modules' befpre doing thej m.ini projects. ) Do in g^ the se 
liniprojects gives the children prarctica^. experiences in which tnm 

anization of information' is necessary and thH^mpor^ant -problem- 
splving skill is t)0th motivated and reinforced thrt)ijgh thesp mini^ ^ 
projects. ' ■ ^ 

Another topic that working applied problems naturally leads to is 
working wfth measurements^ and these measurements have certain units 
associated with ^them. (These may be mfetric V)r Britt^h units whichever 
the teacher prefers. ) The units are arr" essential part of the problems, 
an(^|he students ^shouldc be encourage to keep- the§e ts in mind as 
they do their' calculations, in some cases, it i.s necessary for the 
student to convert from one unit to another, fdr exampl e, ,fronr inches 



to feet_or from dozens^ to individuals. Children seem to'have difficulty 

. - ^jt^ sucKr conversions, so' that an awareness of ^the- neicessit^ of such / 

yCoriA/ersions and some practice, in doing, some (perhaps with some guidance 
at first) are ^rl^eV b^n^fits that^chiyifeo may derive ffOuji^^ min^i- 
.. projects. ; i ' ' - • ' *^ 

' Even thou.^h the children may .(be WQKKlfig oa one part of the project 
. at a ;s(iveTr tim^, it is important .that they understand the-goals of the 
whole .project and how the part they .ape doing^ts in^o the whole. 

^•They should be awar? that the^ must take.stopk of where they arew to' ^ 

\ V'- ' - . •. 

*see if their ca^lculations make sen^e'and are leading to something use- 

■ ■■■■■ V . . . , ' ; . ^ . 
ful.' At the endr they should be. abVe to tell whether the results they 

.-have found actually solye the problem they set ourjto solve. This.'m^^s " . 

interpreting their ^e,sults, for in many such, projects, thW is no single 

correct fenswer which is known by the -Jeacher in .'advance.* For example,^' . 

■ > ^ v ^ ' . ' ■ ■ *' . ■ ' 

. the outcome ot^e paper cons6rvatiQ>i problem depeprtf? u^on the school 
^ and many ether factors. The important thing for the teacher and the 

dents to realize is that they are ^looking for a rea'sdnable estimate:. - 
_ . The miniprojects are in .^neral ^d^sign^d to^e done in or around . ^ 

the^chool^ so^that they do not require elaborate h'^ld trips or dis- 
ruptions... The data tha/t cannot be collected, easily at, school will be 
, provided with the problfem. In some instances, it may be "necessary to 
get some' information about the local community which can be obtained 
at home'and brought to school the next day'. In some cases, .the children 
^ can use their own ''estimates f^r some of t^ data that^is needed. Making 
sensible esl!iiTiates is anotlier usaful skill that can be reinforced by - 
such projects Where they arisenaturally. In some of the projects, the 
c4lculj»tions involve large .numbers. Here f^a good place for the el ec- 
tromc hand calcu^tdrs J;o pTay a natural role; for it is in situations 



10 



r « 



like these that the students will use calculators lat^r in We. The • 
calculators also enable the students to get on to the; solution of their ,. 
project much faster without getting bogged down in tedious c^rkuiUtions. 
Estimating and rounding-off ^re useful skills that can often be use^ ^ 
wh^ calculating with lai^ numbers, "^these are skills which afe de- 
veloped. in- the module, "Using ^ssefto' Solve Problems" and these mini- 
projects offer positive >;einforcement to the previous instruction. The 
students see when these skills are useful in a problem; that arises ' » 
naturally -in their work.) Watching the children use their mathematical 
skills. frthd|e projects affoVds an, opportunity for the teacher to sed 
jvhether some of the. children are having difficulty using '^ome of the ' 
things they had previously be^rrtaught. The teacher can also see- whether 
the children can transfer their knonledge of the basid skills to^ prac- 
tical situat'Ton and help them in thtriimportant as'pectVof uhderstaticlirig 
mathematicssif they are having difficulty. ^ : • V * 

' . ^. We have^und that students in general Cl ) do like challeBging prob- 
Teifis, and (2) do experience elation at achieving their goals. We be- - 
li eve that the teacher, should direct the activities of the students in ' ' 
such- a wdy as to give a feeling of ownershrip df the (n;oject to^^^:t^^^ 

'students. .It is really th?ir project and not the teacher's. It is 

' ^-^ .. ■ ' * .. ■ ■ ■ ■■ ' ' ' 

'iflljportafft that the teacher not. give answers but 
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only help with appro- 



Rriate hints. Once again, these hints must b'fe carefully though^ut 
so as riot* to spoil tfe prob-lem". As one person put it: "Hint" is a 
four letter .word. ' '-^ * 

As pointed out earlier, the mini.prbjects are desi#ied to take from 
'two- to six hours to complete, sighificantiy longer thanr the usual mathe- 
matics textdSok problem. As such, the miniprO'^'ects gi^ve the students an 

: r : . . ■ .' . . ■ ^ < :■- 



. opportumty -to stick with: a probl em' for an^ extended .tirti|' until some -#6^:53^. 
pfr*closure is_rea^^ On.a .small sgale, it seHes some of -the same - 
- purposes as the more ext^sive projects designed by USMES. Those pro j- 
• ' ects also present the .students with realistic situations in which mathe- 
-matics^enters naturally. «Those projects are meant to last| much ionger, 
even.up to a whol-e semester, These mihiprojffcts -are much-shorter so 
th^t they^can b^ irtserted into the r<e^lar curriculum whe4iever the ■ ' 
teacher wishes. Mathematics enters into the mini projects in ma-ny ways 
1" guises that students often do not recognize as"mathematicsl but 
which the professional mathematician bel ieves to be importantw^s of 
using, inatheuBtrfcal'-. reasoning. The, mini projects sh^iild bro^dervthe 
students' and Iperhaps even^the teacher's perception of mathematics and 



towards- learning mathematics. 
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its 'usefulness and mr iri^l^ove ^e ^attitudes of some of the students 

<^ The classroom management question can be dealt with in d-ifferent 
: %>ays' for tfvffferent project^ and^ for different teachers, according to 
the .teacher's preference. In- some cases, anxhidividual may want to * 
wcmic on a .project alone, whereas in some ^ases^ small groups of two, 
. four, or six studetitv^ay cooperate in working on the same miniproject$ 
A larger group ^(/orking on a project may, want to divide up into task 
forces assigned to different aspects of the probilem or to collectincK 
different data._ In soma cases, the teacher may 'want the whole class 
to wor\ on the same project. Many of- the mini projects are open-ended, 
^eavin^ several options open to the students to follow up after they 
-reach their original goal or eVen "as^ranches along the way. T^is 
kind ()f further jexpl oration is-to be encouraged in so. far as possible, 
considering other time constraints. Some students may want to explore 
■further into one- of /these problems on their own time after the class 

■ . ' . ' " ''12 ■ • . •, 



J.. 
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has finishfed it. These mini projects can,\e. a/«tery ric^ and rewinding ^; 
experlij^ce for th'e students. ' .. .' ■ 

In summai^y, t'hese mintprojects are mes^ to/n^pet the foj^l owing' needs 

■* ■ • . 

-1 offer the' students gir^pportunity to use their ma.thetnati^al ' 

s' * uatiorfc lyhich eifr^ ^rnilar 'to reaO^worTd pcbblems. ^ They 

show ciiu kit^ematics is useful!/ 

2^ They are designed to give the "students introductory experfeaces 
on eleh]^tar^^thematital modell ing, . i ;e. , usiag the scientific mathod 
to handlt^real-worTd problems. 




3- Many of the projects give the students experiences irrcollecting 
handling, and interpreting data; they provide experiences in orgeinizing 
information. \ \ ; j 



lation. 
/The pr 



4. /The projects give the students practice jjsing mea^ements or, 
numbers with units in a natural setting. Their*" calculations often in- 
vol ve estimating and rounding off. "The children must decide which opera- 
tions rtfust be used to achieve a desired goal. 

5. The miiliprojects provide an opportunity for the students to 
engage in an activity which is similar in character to applications of 

S hematics that one encounters in later life. It teaches them how to 
die such situations indep^dently and should enable them to use their 
mathematics more Effectively as adults. 

6. Many of the projects give the children practicg^in taking a 
large problem, breaking it down into smaller probTgms, and setting sub- 
goals with the aijn of p^rogressing towards the fpnal goal. 

II. Several of the Miniprojects. 
A\ VapoA Con^QAvation V^oje^ct 

Trees are a very valuable natural resource in our. country. They 
help prevent flooding and soil' erosion. Each -year many fore^s are cut 

• - • - , ■ " 
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down to provide paRer and wood products for>th^ people^ the United 
States, Americans use many^JDOni^aper pro^^ in othet^- 

c0Unfries, and there "is a dan^r of depleting pr^eof our most beautiful 
and important resburcesv Have 3(ou ever wonderjed. ho^ much'paper your 



iisedv*iva year anH ...nv trees are cut down to prodjfce this, 

'produce 



stimate how * ^ -produca the papr'' '"^^-^ in 

your school in a yeeer/ ' " 



'V. 

% ■ ■ 



DATA: Ong tree will ffroduce abou^ 2? kilograms (50 pounds) 
of paper, < v ; , ■ • 

SUGGESTIONS (If Neejied): ' * * 

^ ] . List the differentljtypes of paper used by your class and 
the amounts used per day', per week^ and per year. 

2, Where else is paper used in 'your school?" Again 14 st the 

types and. amounts gf each type, used. ' - . 

SOME EXAMPLES: Art paper, wrapping paper, paper cups, paper 
• towels, cardboard cartons, etc. 

3. Estimate how much each kind of-" paper weighs. Then estimate 
the .total weight of the paper used. 

4i How many trees will it take to supply the paper used in your 

school? * ' . 

ADDITIONAL QUESTIONS: - 

1. How many acres of fore'J^t are needed to produce the year's 

\. supply of p^e^ for your sciiojl? How many football field/ - 
would this^cover? ^ v ' 

2. Suppose your'schob-l wants to buy some land for planting trees 
Ij ^ so that the school can always get all its paper from its own 

trees. How many acres should they buy to be sure of ^having 
enough' trees e^ year? To save money, they do not want to 
buy more land than is necessary. 



A'^ recent development is the use of lasar beafns sent Wirough optical 

. fillers to carry telephone messages. ^ This is mucli mor:* efficient than , 

• • V . ■ ' ' ■ . " ^- • / • ' 

' the usual coppft "W^i re cables th^t have 'been used for years. * The pptiQ^l 

' ^fiber Cables are"!: being .tr^d in Ghic^O-jfiq/ use wittnn^the city. The 

rtp *- stf*p wilV be to connect several of the major cHies with optical ^ 

^ finer cables Suppose tfiat in^ lei^phpne-^ompany has selected the follow-' 

' . .... - . > • ' ' ■ -■■/•..> « • . . 

. V^ing eight cities ^0 be connected by optical Tiber cables: Chicago,- Detroft, 



Houston, Los Angel es, /Mi ami , New York, Philadelphia, and Seattle. Because 

^ ' ' • v > ' 'V- ■ '..V : • 

the cable is expensive to install, they would like to join the cities 

/with as short a path as possible, so that a/call can be placed from any 

one city to any other, possibly having- to pass through some of the other 

cities first- Find the shortest path joining th'e'^ight cities-^ " , 




Los Angeles 
Miami 
NeL York 
Phjiladelphia 

Seattle 

j 

Washington 



1 



:\. . \ V ■ .... . ■ ■ \ ' \ '■. 

SUGGESTIONS (If Needed): . > ' \ 



Try^doina a similar problem w.|th, threfe or four of the cities,- 
' perhaps taking them" close jtogether. ' \ /^^Z 



' ' i. 



«. 2, It may be fuji to divide>the class into severe?! tfeams and have 

V * the teams compete to see which team can fin(^ the. shortest pa1:ii .. 
* joining the' eight! ' " • . ' 

3.V See ivf someone can devise a proce/Jure that leacis tb the Shortest 

path, o'ther than «trying lots of j3ossibil,ities to see which is\ , 

Vthe. shartfest. ff^\ . \ , ^' 

ADDITIONAL PROBLEM: . • ' 

•' l.K What is the shortest' path joining New -York, Philadelphia, iSiami , 
•; and Detroit? Can you make the path, shorter by findingVjjew 
■ city. through which you can join some of these cities? Try to 
do the sam6 th^ng'^ith Chicago ,:Houston, Los AngeleSi and ^ 
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Seattle. ' / ^ 



2, In the above problem, try Wa^hiiVigton,' D.C. in, the east and 
Dallas in the west. j , f ' y\ •' ^ . ' .. 

3. Now using^the/ten citfes (addi-ng Washin5.ton, D'.C, and Dallas 

. to the'originW eight) find the .shortest path joining all ten • 

\cmes. How does this compare to the^ original .shortest path 
through the -eight cities? / \ 
C , Plan a Schools BuuZcUng / . ^ ' ^ 

SupDos^ that your communis wishes to build a new elementary school 
for 300 children. . They wish, to put/ in . all the ?lJotiTs to make it a pleasant 
modern school with everythj^ng you think a school should have. They also 
•have to keeff the cost as low- as possible so that taxes will not have 
to be -raised, ^lake a. plan (drawi|iig) of the school building showing all ^ 
of the rooms an^hallway's and show the measuremen^of each part of the 
•building." Estimate how much it.would cost to build the sfchool . 




.12. 

DATAf Building costs are noWvabout $60,00 per squarefoot. 

'§t)GGESTlONS (ff Needed): ;^ ' ' ' _ 

1.. In thfs project; ttie clas^ cain be dividend int6 teams of four, 
or six student^ each and, have eadh team work^^ its .own plan. 
Then compare the costs and plan^ to so^ no ^'J'' ^he 

best design faking irvto atcuunt Lhe rctc 1 1 i cles .available and 
the cost. Thi^s could lead to ijSterestiag (discussions between 
^; the teams, showing that such' witters are of tejr subjective and 
that ther§ may not be a single' correct answer to ev^ry- problem. 

2. These--are things the teams can consider in making their designs 

(a) How many grades are in the schooj? ^ ^ - ^ 

(b) How many children are in ehch grade? 

(c) How many children should there be in each classroom? 

(d) How big should the classroom^^ be? 

(e) Shduld there be a cafeteria, an atiditoj'ium, a gymnasium? 
Can any of these rooms be combined? 

; (f) What other rooms are necessary?' An office, a nurse's 
room, a teacher's lounge, a kitchpn, a furnace room, 
restrooms,. 1 ibrary, etc. Any othei;;^s?. , 
(g) How wide should the halls be? • 

Aefl:^TONAL PROBLEMS: * ' 

1. Plan^the playgra(und and parking lot around the school . 

2. If floor tiles are one foot square (12j'nches on each side) 
and a box contains 45 tiles, how many boxes of tile will be 
needed to cover the floors 6^ the scho.ol? Each box of tiles 
costs about $40.00. Estimate the cost of the flooring-. 

< ■ - ' 
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3. A gallon of latex paint- covers about 450 square feet Esti- 
f ■ mate bow many gallon cans of paint are needed to paint the ' ^ 
* • inside walls, and the ceiling of the school. If -ninn 
• • . Pa^"t costs $10 no, oc^ :, ,aintin9 ^Me uMer^or 

ot Lhe school . 

- > , . .• ■ , 

- . ' D. W(UeA Tank P^bte^ ' . , , .* J 

'.V- A. hew water tank is gotng to be built in the. shape of a ^e to 
. serve 'your eo>miunity (the area in which the^ffildV-en come to your school). 
It is -to be. big enough to. hold enough water to supply the needs of the ' 
community In a typical 24-hour period during the summer. Estimate how . 
much water is u\ed in yeur community during that time and how large the 
tank-must be, to hold that much water. • 
DATA: 1 cubic foot is about 7H gallons. ' 
SUGGESTIONS (If Needed): , ' ^ . ' - ' 

1. List the different ways in wTiich water is used 1n your community,. 

2. Estimate how many families are ijn your community. 

3. Which businesses or industries in your community use wster? 

- . -4- • : ° , - ; ■. ■ • ■ 

4. How much is used in public facilities such as swinming pools, 

schools, parks, etc.? 

• *, •''*•. 

• ADDITIONAL PROBLEMS::^** ■ i| 
. ^1. Estimate the amount' of water used in your home in a typical 
summer day (24. hours). ; " ' 

2. If you can find 9i^ajto|ccfst of wateKlJi your city, estimate 

the cost of the waterRused tn your home, in one day. " 
t. Healthy Dfet ^ 1*^ 
:> "NThe U.S. Department of Agriculture and tfie National Academy of 
Sciencfe hay.e'publ i shed ^tables which show the nutritional values of the 
foods we' eat and another table which'tells us the amount of each nutrient 



we need each day foV a healthy diV -t" * fhi <• are incl, !• 

rin paop';,!'' " ' ;i: . ...al a family of ^ 

four people (father, mother, soni' -^nd daughter). for a week. In order 
to keep one's weight under control, one wants to keep the amount of ^ 
calories* low, but to stay>-healthy, one- should be sure to have at least; 
the mini»|ujiuamount of each of the otl^er nutrients. Thus, see. if you 4^ 
can plan- the meals for a week'so as to have at le^st' thei^inimum daily 
requirements for each of the vitamin%> mineral Si\and proteins^, but to 
have the smal lest amount of calo>reS^ , - 

* 

' SUGGESTIONS (If Needed): 

1. One can^^have several teams working on diets and -see which, comes 

up with the most attractive menus which meet the nutritiomslC 

needs and have the least calories. _ • , 

^ ADDITIONAL^ACTIVITIES: ^ ^ ' '\ . ^ 

1. It would add iti the problem if the. actiial.^ables of nutrients* 

in foods ancl the minimum daily requirements.^ cSuld be found^jn 

the library and ^^jsed in the project. More foods could br 

added and other nutrients such as carbohydrates, fiber, fats, 

" ' etc, could be considered.. The group could. decide what amounts 

' ^of these are desirable in the diet and plan rtieals accordingly. 

^. By consulting newspaper ads placed by supermarkets or by ac- 
- ■ . ■ ■ - 

companying parents while shopping, the indents could get costs 

^ ^ \ 

(u^, ^ of the baste foods.on the list-and see how much the food for . 

the week would cost. Wnimizing cost while meeting nutritional, 
needs^^ another good problem (which was actually solved for ., 
the Jirst time ifi'the late 1940's) 
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■ , 


Myears) 


From To 


Men • , 




• 

• 






55 75 


Uomen . 


18 35 




35 55 




. 55 75 


ChjWren 


: 1 3 




3 U 




t 

6 9 


. y 




BoVs 


~ 9 ^ 12 




12 15 


* * 


15 . 18 


Girls ' 


9 ' 12 


\' 


12 '15 




15 ^ 18 ' . 



.Weight ' Hei^t 
(pounds) 



RECOHHENDED DAIiy DIEJARY ALLOWANCES 



falnrifi? ^'"o'^^^n ^^Iciufn Iron 
(inches). ''^'T '(grams) , (mg). (ffg) 
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.[54 

t54, 

m 

128 
128 , 
128 ^. 

' 29 
:40;- 
53',. 

72 
9S 
.'134 

7'2 

103 ^ 
117 



69 
•69 
,69. 

64- 

64 

64 

■4,2 
49 



55 
,61 
68 

55' 
62 

'64. 



2900» 

^2600 
-2200 

2^100 ■ 
1900 • 
1600' 




2400 

100 ; 

3400' 

2200: 
2500 
2300 ' 









70' 


♦800 


, 10 










800 ' 


' MO 


70 " ■ 

i 


' ^00 


' 10 


■5a. 


800 


■ i5 


58 :> 


- 800 


15 


58 


800 


■ lO.' 




oUU 


0 


40 


800 


. 10 


^2 


800 


12 


60 


1100 


15 


75 


■1400' 


15 


85 1 


'1400 


•15 


55' 


^100 


' 15 


62' ' ' 


1300 


15 


58 


1300 ' 


15, 





~7 
¥ % 


■ \ ■ 


1, P. 






/I, 


Vitamins 




A. 

(units) 


iff- 


m 


Niacin 
, (mg) 


(mg ) ^ 


. . 5000 


1»2 




<9 • 


70 


5000 


}}\ 


1.6 

1 1 y 


17- 


' 70 


dUUU 


-'no ^ 

* U,j 


1.3 


15 


^ 70 . 


^poo^ 


8.8 


• 


14 


70 


m 


7 

o.a 


1 


13 


70^ 


DUUU 


, U.o 


1.'2 


13 


70 


20QP 


0.5 " 


^ u.o 


9 


40 


^ 2500 


0.6 


1.0 


, 11 


50 




n Q 
U.o 


1 ^ 


It 


60 ■ 


■ 450{) 


1.0,- 


.1I.4 


16 


70 ^ 


' 5000 
5000 


1.2 

.,■■1.4* 


1.8 
2.0 


?0 
22 


80 

•80 . 


4500 


0.9 


1.3' 


15 


'80.- 


5000 


1.0^' 


1.5 




■80 


■ 5000 


0.9 

* 


1.3, 


15 


70 
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i , ^ \ ' ■ IMbLt Ul- l-UUU WUMUUN. , ;■ |. * * . 



Food { '•Amount hhnor^^J^'^^^f ^^^^^^ f . nB/ ■'V ^Niacin * 

; " / (gw) 'hg) 'M. ms)U^^ '{^] 



Desserts 




'^^.TJ^' • I-^-"" -1° ^ ^ \„118'*;:0.5 14o" o|/'0&/.. ,0.3 0.0 

erread. , piece .180 , 2 ■ .63 J l.r 50 0.0 ,0l 0.6^ .0.0 

If'^l' shce .330 , -3 , 9 0.5 220 0.0 W ■0.3 

herryPie . . s ice . 340 , 3. \ " H . 0.5 ^520 U 0.0 0.3 

umpkinPie J slice ' 265 ^ 5\)- '70 1.0 2,480 0. , 0.1 0 



Nut Products' ' i 



iPeanut Butter' 1/3 cup 300 , 12 , ■ 29^ 0.9 o' 0.3, 0.1. 6.2' , 0.0 



Beverages 
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. ^M^r^ 12 ounces 161,. 0 0 0.0 0 0.0 0.0 ,0.0 s.^, 
Root Beer . .. . 12 ounces UO. ' ' 0 , 0' ' 0.0 ' ' o ' 0.0 0.0 ' 0.0 ■ 0.0 ' 



Frankfurter 



2 slices , 


. 95 


4, 


: 3 ounces 


. ■ '245 


, 21 


3 ounces 


■330 


20 


3 ounces 


245 


•25 


2 ounces ' 


165 


8' 


2 slices 


124 


• 7 


2 , ' . ■ 


246 


.14 



6.0 
6.0 



Dairy Products 

"ISjHF" . "32 U40 . 0.4 1,560 0.32* 1.7 

WMilk '1 quart 360 ■ 36 1.192 0.4 0 0,4 1 7 0 « du 

JceCream 1 cup .300 . I 175 -0.1 '740 ' ll-03 d"i ■n'n' # 

ottage Cheese, , 1 cup , 240 30 / -207 0.9 430 O.l '' o;6 0*2 " o" ^ 

wiss heese / 1 ounce , 105. • 7 270 ,0.2 320/^.0 M^- oio 0^ . 

Fried Eggs . , ^ ,228 13 ,60 \l l,20r4o 0.4 O I 

Butter; • • ta espoon^ 100 • 0 '^3 0.0 ' 460 - 0.0 0.1 0.0 0*0 • 

Hargarine. ^ 1 tablespoon 100 ■ 0 3 O.O '460 . O.O: . 0.0 0.0 . O.'o 

Neat, Poultry , - ' ' \ . - , ' , ) 

S^^^!,,., •, 55 . 4, 2 0.5 0 0.0 0.0 ' 0.8 ' .0.0 

GrounH ef ; ounces , . '245 , 21 : 9 2.7 30 0.0 .0.0 -5.1 0.0 

^^T^^ f" 0« 330 20 . 1. 2.5 50 .0.0 O.O^i.O 0.0' 

Med Chicken ■ • 3 ounces 245 . .25 * 13 1.8 200 .^o.O ^r\<J\ ' 0 0 ' 
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2 • 0?"^ ' " 8" ■ 5 il 0 ':0."2 o'l 18 0."o 



Bologna. ^ 2 slices 124 • 7 . 4 ' ][i 0 o!o 



0.0 1.3 0.0 



6 .' , 1.2' 0 • 0.1 0.2 2.5 



■ o ■ ' ' ■■ \ 
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TABLE, OfV()OD.COMPOOT0N 



Food', i 

Vegetables 

(Carrots , • 
Corn 

Cucumfcr 
•Lettuce . 
, ; • Mashed" Potato?^ 
' • French Fries 
Tomatoes ■. 

. . yiiits 

Apples / 
'Bananas 
Oranges 
' fechesi . 
.Pears 
Pineapple 

■ ^ 

Breads, Cereals 

,. Bran Flakes 
■ Rye Bread 
Nheat Bread 
Cornflakes ". 
Graham Crackers 
Oatmeal 
Pancakes ■ ' 
: Spaghetti, with 
meat-sauce 

i*' . ( " 
Noodle . 
Tjmia to , 
Vegetable 

. Ffsh, Seafood . 

Fish Sticks 
Haddpcli 
Tuna 



Amount 



1 cup ■■.\|: 

1 cup . ; 

0 slices , 
'h head 

1 cup 



1 \: 



1 slice 



^V. 1 slice- 
' ' .') slice 
■1 cup. ■ 
2; ' 
Icup 

^ 4- 

1 cup- 



2'ERiC 



1 cup 
1 cup 
1 cup 



5 , 
3, ounces 
,3 ounces 



A 



Calories 




Protean .Calcium Iron -A 
(grams) (mg) (mg) (units)' 

.' L. ; ' ' 



Niacin E 
(mg) (mg) 



38/ 

J.3 
VO.l 
•0/5 
U 



5 

-,9 
t6 





170' 



;n6 

25 

I 



8. 
8 

50, 
9 

13 
. 26 



, 25' 
-17 
2^ 

• 3 

.21-: 

'249 
' IS 



18,130 0.0. 

520 0.0 

300 / 0:0 
.470 / 



0.2 
0.0 



2,600' 



0.4 

0.7- 
0.5' 
0.5:.. 1,320 
0.5' 30 
0.7 ' -lOO 



50 
,190 
240 



2.0 
0.4 
0.5 
1:2 
0.3^ 
1.7-- 
2 
0 



I * 



0 
0 

■ 0 

, 0 
0 

-o- 

. -230 
•■690 



.115 


. 6 


■ 82 


' 0.2 


175 


■6 


.167 


0.7'" 1 


80 


■4. 


32 


0.8 2 


It 

200'; 


'19 


12 


0.4.' 



0.7 
1.2 



0 
0 
70 



0.0 
0.1 
0.0 

o.a^ 

OJ 

.ofo 
0.0 0.0 

0.0 0.0 
0:0 0.0 
0.1 . .,0.0 

OrO (VO 

M O.TT 
O.li^ 0.0 



0.7 
2.4 
0.1 

1.8 
0.8 




0.0 
0.0 
0*0 



6 

14 
4' 
6 

1.6 
8 
35 



0.0 , . 3 - 
0.7' 10 
0.3 '75^' 
1.0 * 7 >• 
0.'2 " f ■ . 
0:2 ■ 11 



0.1 


3.4 


0 


0.0 


OJ 




0.0 


017 


-0- 


0:0 


0.6 


0 


0.0 


■ 0.2 


0^ 


0.0 


0.4 


0 


0.-2 


0.7 


0 


o.r 
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0.0 


0.7 


0 


0.2 


1 .2 ■ 


0 


0.0 


1.0 


8 


0.0 


1.6 , 


0 


o:.o . 


2.6 


■0 



0.1 10,9 0 
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III!" Classroom* Probe of the Miniprojects 

; The'H^ciper conservation minlproject was" tried on a group of six 
fifth-grade children in Arlington Elementary School in Bloomington, 
Indiana; between October 28 and November 20. The teachers working with 
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the'children were Arthur Stengel and Marilyn Jacobson. In most qf the 
•classroom meetings Arthur Stengel was in charge and Marilyn Jacobson ^ 
. aod various other visitors were oblferver's; A class by class descrfp-' 

tion Of the trjiaTs is given in Appendix' A.. Section 1 of- thatappendix ' 
^ ' IS a 

■ observers present 'wiXh.- the teafeh 
* ^ th^re stand 'fDr-*1arl"iyri;Hall XMHy/Art^^ (AS), George Springer 

~ (GS), Debbie Whvt^ N(aynard Thompson (MT) Section il * ; 

o'f the appendix gives the obserVationVo^tl^e teacher and" some of the 
^ observers at .each of the sessions. /Section III of ^ the appendix Is 'an » [ 
analysis of the observations prepared by Arthur Stengel and Marilyn Hal 1 . ) 
V ' . Th'e or 'less ra-ndor)ily six children ' '\ 

to -work wi*h Marilyn Hall and Art 5tengel in this project. They' were 
excused^from class for thirty mir>utes twice each week: ' For the first 
'two se^'ons AS and MH met with, the children to get them acquainted with . 
the use of Katnd calculators and also used to working pra])l ems together. \ i 
On October 22' they experimented with the use^ of the electronie^arid 
calculators. BrhOctober 27 they worked on a problem of placing 9 -'^ 
marbles in- 5 cups so that each cup had a different number^of maj^^jMs. . • 
' ' After these two warm up sessions the children' were introduced to the ^ * . \ . 

.minipVoject. The teacher, AS, tried to Sf^w a careful' balance between ^ 
"""""^tting^hem work completely alone and giving\ them some Teaciership - 
whenever. iie felt ^hat it was al^olutej^ece be pointed . 
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out that these children had been working in a traditional classroom 
where they had had no^ experience in. working in small groups. This 
was a new experien<ie for the children. 

One thing that was clear^rom observing the" children was that they 
did not have experience' and were not able to organiz&( either a long 
■series of tasks or a large amount of information. With the teacher's 
help they made lists- of different types of pa'per used in the school. 
By the third half-hour session the children were deciding whjit data (" 
each one would try to collect in the .school . Tiiey also worked out the 
questions they would, ask while seeking the' informati'oV In the. fourth! 
session the children actually went out either individually or in groups 
of two to ask different people at the school how much -paper was used 
in their operation. Some went to classrooms, sorfle -to the kitchen, some 
to the main office. After gathering the data the childr^n^sat with 
calculators to figure out the total amount that. was used. It was at 
this point that it became clear that the chii'dren d-jd not kno^y how , 
to apply in a practical situation some of the arithmetic skills which^* 
they could. use quite well in drill problems', it wasn't clear to tjjem 
when they had to multiply or divide, or when th6y had to add or sub- 
tract,^even though they could perform th^e operations quite well. 
Getting through this phase of the project required th^assistance of 
the teacher in explaining to the»shildren just why the operation they 
needed was appropriate at that time and in interpreting the numbers 
on the display. In the last meetirig on November 20 the calculations 
were completed and there was a discussion of what the results actually 
meant. It would have taken ^bout two more half-hour sessions to bring 
^he project to the completion we had or-iginally planned; '^hat is, 
estimating the weight of the paper used and the number of trees 



20. 

necessary to produce that much paper. It was unfortunate that the 
^ Thanksgiving holiday came just aft^r the November session and there 
would have been a week break before resuming the tibials. It was 
decided that that was too long a. break and that we would stop at that 
point. It woilld have been interesting to see how they would have 
weighed the paper and decided on the number of trdes. However, the 
children were. very pleased with their accomplishments in finding the 
amount of paper actually used in the schoo^,,and felt that this was 
an important contribution. 

/ There were several things the children 'derived from working oh 
thivminiproject. Tirst of all, they did see that the mathematics 
they had been learning can be used in practical situations. They be- 
came aware of the fact that they have to consider what operation is- 
appropriate to eTchieve the goals they ha1i set for themselves. They 
^ a>so became aware that- it is necessary to organize their information 
. in, lASts In or^^rtQ be fifeble to work with it. They had the valuable 
v^xperiepce Qf s.itt^^^^ ^ small group and planning how they 

-j^ti^d'^^so'lve t^^^^ They .saw how a complicated problem can be 

;'-pf«ki§h which can be assigned to different 

;-iiliwii(iau£uf s , It have been interesting to give thete children 

' Several" more of the projects in sequence and see to what extent these 
skills had been Ifearned and could be transferred to another project. 
Another observation is that it would have been preferable to give the 
project in a more concentrated period of time. Meeting only twice a 
week for a half hour each time and extending the project through three 
and a half to four weeks made it difficult to keep the children at a» 
high level of excitement about it. We always had to get tl^em back 
into the problem at each session by helping them remember where they 
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had left off.' It would ha\je been better to have spent time during one 
week on this project. As it v^as, the children^were involved for^ three 
and a half hours, which could easily have been fit into one week's ' ^ 
work. Even though the project dicj/ extend for such a -long period of 
time and with such gaps in between meetings, there was no significant 
. decrease in the interest shown By^the students once they remembered 
where. they were in the project. It seems as though there was no. problem 
of fifth graders sustaining their interest in a problem for this much 
time. We feel that there is much room for experimentation on this, 
type of project to see whether after^ repeated experiences of this- type 
the children are able to handle these situations better independently. 
It is hoped that such experimentatiT)n will be carried out in the future. 

IV. Applied Problems , ^ » . 

, ^ I ) . ' ' • . • 

In addition to the miniprojects descjribecj in the previous sections, 

the project also generated a number of appl ied problems . These prob- 
lems are meant to give the students the same general -type of open- ' 
ended experience in problem solving that one finds in the rfiini projects 
but in situations which are less complex. As do most jof the mini projects, 
'they relate in some way to real -world experiences. A sample of these 
problems is given below. They were provided by Maynard Thompson. 
Problem 1 ' . - / 

Mr. Jones has a leaky pipe under his kitchen sink. He normally ^ 
keeps apportion of a one-half gallt)n cardboard milk carton under the 
sink to catch the water which drips from the pipe. He cut a carton 
4 inches from the base and he found that it filled in 3 days. He plans 

IT 

to take a 16-day v^tiori and he has a one-gallon cardboard milk carton 

fromjvhld^^ 3 container to cat^ the \^ate»^ How high must he 

the carton to be certain that it will not overflow While he is gone? 

' f 
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Problem 2 ^ Y 

If a runner has a ^A^e of 4 -minutes and 56,0 seconds^in a mile 
run, estimate as accura;^y as possible his time in a "metric hi1e," 
that is, the 1500 meter .run/ What db you need to take into account 
in making your estimate? ' ' . * 

Problem 3^ ^ ^ ' e ^ . ^ 

When^will the same cal'endar .as that of 1975^ again be correct? 
That is, when will the days of the month next match those^of 1975? 
Problem 4 . ' 

Once during the Christmas season a family was seated around the 
^ire drinking Hot. chocolate,. David noticed that each ^f them had a 
cup decorated with a different holiday scene. He had a cup showing 
bells, his sister had one showing candles, his mother had one with 
a wreath and his. dad had a cup decorated with carolers.. The next 
night they were again drinki?fg hot chocolate, and David noticed that 
none of- them had the same cup as the night before. In how many ways 
could this happen? - '\ ^ 

Problem 5 . " , ' - 

* A storekeeper has^-a supply of 5^ and 8^ stamps. -What amounts of 
postage can he place on packages asing these" stamps? He may use as 
many 5^ stamps and as many 8^ stamps .as he pleases^ 
Problem 6 ^ 

A confidence artist has a rectangular bar oT lead which measures 
1 cm X 3 cm X 10 cm. He plans to plate' the bar with gold and pass it 
off as a gold bar. If he' has only $50 t^ buy gold to plate the bar, 
how thick will the plating By how much will the weight of the 
plated bar differ from the weight ofV~pure gold bar of the same size? 
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' * APPENDIX A 



REPORT ON PROBE OF MINI-PROJECT TREE CONSERVATION PROBLEM 
October 28 - November 20, 1975 




VI. A-l 



This report represents an attempt by Marilyn Hadl -and Arthur Stengel 

« it} 

to pull together and summarize information gathered during the probe of 
the Mini -Project Tree Co^rvation Problem, The pages which follow 
are divided in£o three main sections. They include: Chronology, 
Observations, and Analysis. y 

While every attempt was made to represent the views of all partici- 

pant^>in the probe,- the report must, to. some degree, be biased by the 

•■■I 

authors' views. The Analysis section was'created by the authors to 

t ■ : . . . 

-4 

facilitate discussion of the.|p)robe. It should not be assumed that any 

. , issue raised cor posi-tion taken represents anything more than a starting 

. *" ^ 

. point for further efforts. . ^ * 



t 
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VI. ■ A-2 



SECTION ,1 
CHRONOLOGY 



Mini, Project 
Chronology 

Session Date 
October 22 and "27 



tober 28 




October 30 



November 4 

November 6 
' Noverriier 13 

November 18 
November 20 



Observers 
MH AS 

MH AS GS DW MT 



GS AS 



MH AS 

MH AS^ GS' 
MH AS GS 

MH AS PW 
MH AS DW 



Session Content 

Warm-up -with: 

22: Calculators 

27: Wgrked cups/marbles 

Problem presented open discussion 
teacher-led discussion/listing of 
specific kinds of paper 

Teacher-led discussion on (consumable 
nature^/ paper use) and organizing 
specific kinds of paper by general 
types. This led, in turn, to listipg 
kinds of f^aper used by types of rooms, 



y3 Assigned children' to rooms and let 
them devise questions to as^c^on paper, 
use. 

Kids went ou£ and gathered Information 

Some children initially conttntied . 
gathering inf orma'tion '^vii th: data • 
gathered. All di'd some calculations 
with the data. 

Discussion on what's gone on and , 
what needs to go oh. ^Gathering of 
■^needed" data. ^ ^ 

"Calculations" were completed ^and 
"the final answer" V/as found. 
Summary discussion. ' / ^, 




. . ■ ' VI. A-3 

"SECTION II , . ■ ' 
OBSERVATIONS , 



C 



Observer's Nartie : ' 

. Marilyn HaJ^l,'Art Stengel George Springer,. Debbie Wh'itehurst, Maynard 
Thompson . . 



Date of Observation : 
October 28 \ 
Observations: 



Children have knowledge of where paper comes from. They were very 
willing to gueSs amounts. Unit us6d— pieces (sheets of paperj * 

Without adult leadership, ""discussion was non-directed anS children 
were not moving toward any type of plan of action. Adult .leadership, 
intervened and was quickly accepted by children. 

At least one child moved toward simplifying problem to semester level 
and then another moved toward simplifying problem day level use; 
but no one knew where "to go with this unit. (It seems that they wouldn't 
deal with- relationships of per day to per month to per semester to , 
per year. ' ^ 

■ \ ■ • • - ■ 

The children seemed to hav6 the tendency to want to actually have the 
teachers ' keep track and add\actual use 'each 4ay;: . * ^ 

Notion of averaging or estimating for real use is not comfortable for 
these children. They really wanted to get an^ exact count. Discussion 
did not really clarify this issue. 

I Children were ^ery willing and able to come up with ideas for resources 
in which /paper = y tre6s relationship could be found. But do they 
have the Vesearch" skills to find that: information? 

■- When presented with a- problem, children were very willing to suggest 
ways to solve it (e.g., people tcr talk with and places to look). Yet 
several opposing ideas came up ^in the course of conversa^tion that they 
did not seem able to reconcile on their own. Teacher intervention did 
lead to at least a facade of resolution; but whether this actually 
settled an issue for a child remains questionable. 



J 
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Observer's Name : / ^ 

George Springer ,Art/stengel* ^ 

Date of Observation : . \ ' ■ • : 

October 30 'ks^ \ 

Observations : , ^ 

. Idea of consumable nature of the paper in question was established 
by teacher's fiat without real notice. 

Question was posed to group. by teacher on types of paper used in school 
(this was, indeed, a false path to follow). Children were willing and 
. able to generate a large list 'of specific types of paper used. Thev - 
^ specifics were ^y use not by types of paper. I.e.-, one type of paper - ^ J/ 
was. mentioned several times because it was used in the school^ several '--^ 
ways. Thi-s created confusion and, to sme extent, the relationship 
of types and uses w^s not resolved. 

The listing of types of paper was a Idng'and arduous process. . It 
4' generated .a lot of" discussion. When teacher .would withdraw,' debate 
disir^egr^ated into argument with children showing no signs of ability 
to resolve the disagreement. 

-7; The valu« of doing this listing seems/questionable: 1) the children's 
ability to organize their tliiriking^long the lines of types of paper ; 
seems marginal. This, saems directly related to finding of Marilyn, ^ 
Frank,vand Art re: organized lisif^s.^ Multiple fac]tor listing with- 
several items under- each rfactor w^ b,eyond the grasp>sat the^other kids. 
This seerro to verify that finding. 2) Even' if the childrert got a 
complete and wel 1 -organized list, what good .will this do when they go ^ 
out and cenerate data? If the intention is^Wuse the list in developing^ 
quei|tioni to ask,- it seems to be an awful ly^wundabout way of doing.it. 

The lis: of "kinds of paper" remained far^fwm a>l-encompassing. How 
important is a thorough list? 

Issue of consumable nature of paper in this problem remained unclear 
to kids. What products were eligible for ^consideration in the problem 
was trough t up several times. . . 
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Observer's Name: 

Marilyn Hall, Art StengeJ* ' \ "V 

Date of Observation : 

November 4 * 

Observations :. ^ ' 

^ ' ' ' . ' . " ■ 

Prbcess wS-s re-directed: /rom teacher-centered listing of kinds of 
paper to student-centered formulattng^of . 1 ist of rooms that use paper' 
and questions to ask folks in those rooms. Students accepted this re- 
i direction unhesitatingly and proceeded to suggest rooms, etc. List 
of rooms and questions to be asked were not'complete or thorough. 

' , ' » ^ 

-- Much non-task activity took place during the student-centered question 
formulation time. Teacher questioning as to whether task-oriented 
activity, was taking place was not really effective in achieving task 
orientation. • 

— One issue seems to be the g^eneral, pne -ofyleadership within a group 
process- In any group, of people, will tjie group stay on task'and-/or 
achieve closure on an idea (or task) without a leader? In this type 
,of problem, if the teacher do^esn't lead, who will? - • 

-- „Is it reasonable to expect students from traditional classrooms to 
just funct.ion in groups without specific (direct) instruction or' 
(indirect) assistance from the materials? • ., 

— The listing of types of papers, etcXdid not enter into this question 
formulation stage. / / 
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Observer's Name : • 

Marilyn Hall, Art Stengel*, George Springer 

Date of Observation : 

November 6 . 

Observations : 

The notion of average, how to get average use, or how to estiiiiate 
overall .paper use still seems up in the air. 

Children were excited about going out to asK questions and got their 
Msts together .very 'quickly (in contrast to last Tuesday's session). ' 
This activitywgs without adult direction. Also, no teacher 'sugges- 
tions were provided and ndture/va)lue of questions seemed dubious. 

Some questions did not seem to bear on issue: What colors do you use? 
One wonders whet|»er the kids really knew what they were about. Also, 
do^good questions mattj^r? , * 

Gary & Blair carae back with data on paper use in the kitchen: 1) 
The 'data was s6"hrie)lhat difficult td\understand (far the adults 
Sspeciallyji'^^^^X^he boys ,did not really know whaf to do With it: 

They 'tried to woi%k "10,000^ * napkins/case . ' 

• • * X '300 packsr of napkins/case 

' . L ? ' 

Jeacher involvement at this point <^was solely to/exptlpfe the boys* 
tho^ughts. * , ' 

Among is^ijes here: 1) Is^accurate data.4saj^rtant? 2) Taking at face 
v^lue what the children bring back, they a^**^t able to do the needed 
calculations with that data. This may mean two things (though the 
two^^C;0yld actually telescope into one: 1 ) How to organize the data 
so that calculations can be done was not cleai^ to them; 2);The actual 
algorithms needed were also beyond them. . 

'. 
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Observer ' ^ame : { * - 

Marilyn Hall, Ar^t Stengel*, .Geoi^ge Springer . 

Date of Observ'atron : ^ ' . . 

November 13 - " ' ■ "V^ . 

Observatioas r ; - 

" With the calculators, the children went about doing the same calcula- 
tions as without them. Again, . at this point, adu.lts^were involved only 
to try to understand the thought processes bei.n,g used. Two issues can 
^ be raised: .^l) The decisiw of what to do with the data is st.i.Tl not a 
logically clear pne||or the. children.;* 2.) The calculator dlsplay'was ' 
— ^ either accepted wftffeut question or checked, by hand, raising the ques- 
tion bf whether or not the ma^chine; is df any real valUe. Generally, 
the children wanted' to divide or multiply; but no owe was sure why. 
(Or: what the '"answers" they, got meant.) ' . \ , 

One child couTd ffot get data on the room she chose. What are the 
^ implications of this for that child vis4-vis the. g^oup? V 

One child did decide to work with '350 packa.ges/ye6r when given a figure 
• of 300^400 pacjcages/year .iYet% ^then she divided b> 500 (because there 
A ,;^are 500 sheets/package?).) 

— With help in organizing'data and setting up the rjecessary algorithm, 
only some of the children caught onta what needed to be done. Even 
then, they didn't transfer .this to another similar sub-problem. * 

' Relationship of how man^ per* pack, th^ packs pen case and then cases 
per year and relationship of school da^s/week, weeks per, school year 
and school year to calendar year seem^ difficult for the children to' 
keep straight. - ' ^ . • . . 

Remainders in decimal fprm were not within the children's repertoire: 
"What a high number. And all -J wanted to know was 25 divi'ded by 7." 
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Observer Name:' ^ • 

. -J — ] •• . • , > 

Marilyn l;lall*, Art Stengel, Debbie Whj'tehurst 
'Date of Observation :f * / - . 

November 18 . ' o . • 

' ' ' . ■ >« 

Observations : * v. - 7 7^ • 

, ^ — ' Making estimate from a sample is still tough. They did get into it 
when pressed (Gary:"It's sort of 1 ike a mayjDe."); 6ut' always seemed 
, ' to bounce back and forth between estimating and wanting concrete 
figures (actual .uses) . (Susan: most into estimating; Andrea: most 
into actual use) ^ ' / 

What dat3f represents is not clear to them: e.g.,, paper* towels figure, 
ditto paper figure. Who is giving wha^ figures on whose use is not 
understood by kids. /- 

, .What types of -pa^per are being considered is still not clear: do work- 
books count? 
■ .;. ' . • .. V' •' ^ ' V " . ' 
' " Blair had a good notion of what tp do with lists'^of types of paper— 
< . use it as a checklist against information gathered. But, no one else 
picked up on it, then he,- too, -"dropped it without a hassle. 

— Gary & Blairwere convinced that all they had to do was add all the ♦ 
different numbers gained to get the* answer. J[owels, napkins, etc. 
were judged equal. . <jy 

In conversation, no one\brought iip paper use per year re: number of 
trees used up. Focus ^vas on amounts of paper as perr data gathered. 
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^Observer^s Name : . . - ' * . 

Marilyn Ha^1^ Arf Stengel, ^Debbie Whi.t^^^^^ . ; ' 
Date of Observation ! * . ' • . . 

November 20 ' - . ^ ' 

Observations :' \ ' • . \ ^ 

- This session was primarily organized, and led by teacher. ' 

- ^ In response to question on what'needed to. be done, responses like 

calculate It" and "add . all those .together" were typicaU . - ' 

~ Various relationships, remained unsettled: one'child wanted to multfpTy ' 
a figure by 2 to. get yse for three rooms.. Since her figure represented 
: use for 1 room, she. only needed 2'more! A#ther wanted to mUTtiply a. 
per ygar f igm^e by 180- days (in a school year).. Ano£her child wanted 
: to imjltiply '(lumber of paper towels by number of napkins And still' 
anQther-wan.ted to multiply 9x 12 (because a sheet of paper i$. 9 inches 

n JE^-^^-r ^^^"^ ^"^^^"^ °" cal Quia tor was' 108 and she. said it 
was 108 inches ...M mean, centimeters.") "Answers" to sub-problems- 
-were 'the result, of. this type of thought and work. . , • 

-. • The Intensity df the childreh's efforts to achieve an'answer was very ■ 
• great and -impressive. . . ^ • 

/ ■ .. ^. ^ »- ■ ^ 

- .Reconciling data gotten from sources with personal perception of use • - " 

was never accomplished. E.g., napkin us.e.mlisf be higher because some 
people rip theirs up. and have to go back for more. What do the^data 
. really mean to these children? ■ . . » • . > 

- Once the "grand figure" had been tabulated, one child did say that 

we now hacWo figure out how many trees, -^t was .not clear wha<B the v 
'Others thdught of this idea. . " . - . 

y \ .r ' - • • . 

- ''The children were impressed with the "grand-figure . " Probably because 

It was large. It is also pr'oLable that-it was thi S' factor--size-that 
led to the assumptien which _p?5^ stated. That, i-s, the school was wasting 
, . a lot of paper. . > . , ^ 

' ^" watching the last couple af days: Were the children 

addli^ non-equivalent units because they ar^, developmentally, unable 
. to deal with equivalence? Or are they so well ti>ained to 'just add 
numbers that this proh;l6m became another, larger^ but. typical problem 
in wmch numbers ex-ist' exclusive -^of urlit' . ' 

-. ■• ' • / ■ 

Indicates session leader ^ . - . 
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Sample^of final comments from the children: 

"We found out how^much paper we used and how much we shouldn't -waste." 
'/It was fun." , 
"It was boRrng." > 
"We got to 'use the calculators. "J;; 




"We got to go out and go to the classiNjoms ." , 

"We got to miss a Social Studies test." (This was on the last day only.) 

"ynever knew we could figure it' out... but we did!" 
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SECTION III ■ . ■ / 

ANALYSIS OF OBSERVATIONS \ 

» • .' ■ 

Problem Feasibility for Children - 
A.' Affective Issues * ... 

1. Interest in problem 

a. Initially (first session) 

1) High • ■ ' • . 

b. During other session . 

2) Varied from^ day to day . 

2. • Feelings of success ' 

a.' On parts of the problem 

1) Positive feelings resulted from completing data ^ 
gathering and data manipulation. / 



2) Othej^wise, no success or failure affect noticed/ 
b. On whole problem 

3) Yes (see cognitive issues for discussion of problem 
perception) / 

3-. Activities of particular note for degree of affect generated > 

a. Generating questions to be asked ^yielded intense work just 
prior to going out. (Interestingly,' the same task did not 
yield the same response at the end of the previous session.) 

1) The exception was one girl who coujd not gather data 

from her chosen source. She was quite upset with this 
/ turn of events . 

b, ; Gat'heHng information challenged children and waV^special ly 

ehjoyatle for them. , 

* c- Performing calculations with gathered data and working toward 
the final answer had all the children working hard. 

'd. .Questions soliciting opinions from the group generated ; 
much discussion, involvement and a good deal of argument". 

Cognitive Issues. 

1. Ability to structure (accommodate) problem 

\a. Big (whole) pr^o^leni^ , 

1) Ver/JMinfted if existent at all . 

Initial discussion was enthusiastic and touched on 
strategies. But, without adult leadership, . it remained 
'disorganized and nonrgoal directed. 

b) Even.witi!^ adult leadersf^ip, lack o-f resolution of 
confl icting; ideas makes one doubtful of students' 
ability to grasp the problem in its»entirety. 



Vi. A-12 



b. Sub-problemS ' ' ' „ ' . . 

2) Somewhat greater, but still quite limited s - . 

c) Lack :of ability to develop precise questions for 
data gathering and inability to grasp meaning 
{relati6nships) of data again raises doubt of the 
students* ability to grasp sub-problem on its own 
terms. ' 

Ability to assimilate problem 

a. Big (whole) problem ^ / - 

^ 1) High ' ; • , . . 

• » 

a) Enthusiasm surrounding the achievement of the "answer" 
indicates the existence,' for the Children, of a problem 
they have successfully dealt with. They have, it 

. . seems, modified the problem to suit their perceptions 
of it. , • 

b. Sub-problems « / 
^) Hirgh ' - . " ' .7^ 

b) ^See comment above on assimilatS'on of whole problem.; 

Situation here is analogous. . 

Goal perceptions . ^ * ^■ 

a. . Ability to perceive goal - 

1) Must be severely reduced by cognitive limitations 

^a) Willingness to accept "a number" as the solution 
5eems much to the point here. 

b),Yet, one must keep in mind that a goal was perceived . 
r and achieved by most all of the students. 

b. Ability to keep goal in mind : 

2) Good, if one is vyilling to accept student-perceivfed 
goa\as actual goal ■' " ' 

c. Perceptions o^ acceptable solution. 

3) All children were quite satisfied with simply adding 
up all the numbers they ha<j gotten. ' 

4) One child said that v/e then had to figure out how many ' 
trees this was. But, in later discussion, this^sjamg 
student stated great pleasure at havihg gotten ' 

a' answer. Jt seems as though there were two separate 
problems in the child**s mind--one to get the amount of 
paper and another to get the number of trees. Apparen 
the two were not related as one task to be done. 
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4. Content level '\ . , H * 

a. Many issues touched on in"this problem were not readily, 
understood by the children: ' V 

1 ) Relationships as described below remained unresolved 
issues^ for them; * /. 

a) Schx)bl week to calendar week to school month to 
^ ■ calendar month to school semester 'to school year 

to talendar year. - 
• « . ' * 

b) Various units of a given ,type'of paper, e.g. napkins 

to pacJ<s of napkins, to cases of napkins.- 

<:) Various units of different . paper to each other, e.g., 
'napkins to paper toweU to dtj^to paper. 

d) Types of paper to data needed to solve- problem and 
which way(s) of categorizing I'types" is (most) 
helpful in gaining needed data, (e.g., does listing, 
by color .help?) 

2) Using an estimate vs. getting actual use figures was 
never mesolved. At times some of the children seemed 
quite set on' accepting estimates only to turn around and 

. hedge back to needing actual figures. . 

3) Finding a way of equating the various paper units did 
not really ertter into their picture of thi^ problem. 

4) Calculations wjtl( the ;data gathered were of no value or 
meaning. Numbers were multipl ied or divided without 

. >reaspn and answer had as much meaning. 

*C. Group Issues— While these undoubtedly fall into Affect and Cognitive' 
Issues, it was felt best to provide special attention to these 
issues in this way. . ( . \^ . 

^ 1 . Group SkiTls ^ ' . . I 

a. These children generally could not organize their^deas 
when working in a non-adult-directed group setting. It 
- seems clear that students from a traditional class setting 

need a framework and/or guidance when working in a group.. 

\ 2. Group Affect 

a. Without adult leadership (the only kind specifically utilized 

/ in this pilot), the group activities disjntegrated into 

/ hassling. -It remained relatively good natured, bwt it 

\-[ was indeed interpersonal in nature. 

II. Problem Feasibility for Teacher ^ : 

. A. Time , ^ 

J. Overall time needed to complete problem ^ 

a. Estimated at 4-6 hours > • 

b. Ppssflbly tolerated but pushing upper limits for traditional 
teachers . . * 
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2: Student/Teac|ier. contact time 

a. As it starids now, teacher supervision would-be required 
most of .the time. 

b. Thj^ requirement is. probably not reafi^onable to expect 
fulfillment .on. 

Teacher Skills 

1. As it stands now, it is difficult to list teacher skills; 
\ It does seem, though, this issue needs careful attention , 
.' since it seems possible th4't too much may,' be .expected of . 
the "typical cilassroom teacher." ^ 



